Among the perceived inputs in the "production" of child quality is family size; there is an extensive theoretical literature that postulates a tradeoff between child quantity and quality within a family.
Introduction
Economists have long been interested in understanding the factors that determine child outcomes. However, despite years of research, evidence on the components of the "production function" for children is still quite limited. Family environment is widely believed to be a primary component, but it is difficult to parcel this out into specific characteristics.
Among the perceived inputs in the production of child quality is family size.
There is an extensive theoretical literature on the tradeoff between child quantity and quality within a family. The models date back to Becker (1960) , who was motivated to explain the empirical regularity that families with higher income have fewer children. He theorized that, as income rises, individuals may choose to increase the average quality and reduce quantity. While the correlation between income and family size is clear, there is little further evidence that speaks to this theory.
A key element of the model is an interaction between quantity and quality in the budget constraint that leads to rising marginal costs of quality with respect to family size; this generates a tradeoff between quality and quantity. But is this tradeoff real? In particular, is it true that having a larger family has a causal effect on the "quality" of the children? Or is it the case that families who choose to have more children are (inherently) different, and the children would have done worse regardless of family size?
This paper attempts to isolate the causal effect of family size on children's outcomes by using data on the entire population of Norway and looking at the effect of an exogenous increase in the size of a family on children's educational attainment. Our dataset covers an extended period of time and allows us to match adult children to their parents and siblings; as a result, we are able to overcome many limitations of earlier research resulting from small sample sizes or limited information on children's outcomes after the children have left home. In addition, we have plausibly exogenous variation in family size (induced by the birth of twins) to isolate the true causal effect.
Like most previous studies, we find a negative correlation between family size and children's educational attainment. However, when we include indicators for birth order, the effects of family size are reduced to almost zero. These results are robust to a number of specifications, including the use of twins as an instrumental variable for family size. The evidence suggests that family size itself has little impact on the quality of each child but more likely impacts only the marginal children through the effect of birth order.
Given that birth order effects appear to drive the observed negative relationship between family size and child outcomes, we next turn our attention to birth order.
Previously, these effects have proven very difficult to estimate credibly due to rigorous data requirements (Blake, 1989) . Our unique dataset allows us to overcome these data problems and, unlike the previous literature, we utilize family fixed effects models to deal with unobserved family-level heterogeneity. We find evidence that birth order effects are strong, regardless of our estimation strategy. Moreover, the effects appear to be of similar magnitude across families of different sizes.
The evidence suggests that correlations of family size with educational attainment are driven by birth order effects; once birth order is controlled for, there is little if any causal effect of family size on educational attainment. The implications of these findings are quite different from the causal effect of family size on child quality implied by the simple quality/quantity model and may suggest a reconsideration of the determinants of child outcomes.
While our results speak directly to the nature of quantity/quality tradeoffs, they are also relevant to other questions. Family sizes continue to decline in developed countries and it has been suggested that this should be of benefit to children. Our results imply that, though average child outcomes may improve, there may be little effect on first-born children.
The paper unfolds as follows. Section 2 lays out the quantity/quality model and describes the empirical literature on the effects of family size. Section 3 describes our data. Section 4 presents our methodology and results. Section 5 turns to a more detailed investigation of birth order effects. Section 6 presents family size and birth order estimates for various subgroups of the sample. Section 7 presents some speculative evidence on the determinants of birth order effects. Finally, Section 8 concludes.
Theoretical and Empirical Background
The Quantity/Quality Model Becker and Lewis (1973) showed that quality and quantity of children interact in such a way as to make it possible, with reasonable elasticity values, to observe the negative relationship between income and number of children that we observe empirically.
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Consider a quantity/quality model in which each family acts as a unitary household and has preferences over number of children (N), quality per child (Q), and a composite commodity (S). The optimization problem is
Here P N , P Q , and P S refer to the prices of quantity, quality per child, and the composite commodity respectively. Total family income is denoted by I. The special feature of this model is that the budget constraint is nonlinear; quantity and quality enter multiplicatively, where Π is the price-weighted sum of the cost minimizing levels of quality inputs required to increase the quality of one child by one unit. Rosenzweig and Wolpin (1980) derive the effect of an exogenous increase in family size on child quality for this model: 
where λ is the marginal utility of income (positive), and φ ij is the cofactor from the ith row and jth column of the Hessian matrix from the consumer model in which there is no interaction term. Given the denominator is positive, the sign of the derivative depends principally on the value of φ 12 (which is negative if Q and N are substitutes, positive if Q and N are complements), and the value of Π (theorized to be positive). 2 Given that Q and N are likely substitutes (suggesting φ 12 is negative), a value of the derivative close to zero would suggest that Π is close to zero so that the interaction term inherent in the quality/quantity model would not be supported by the data.
The Empirical Literature
1 These ideas are developed further in Becker and Tomes (1976) . 2 Note that if Π equals zero, the effects of an exogenous increase in family size on child quality depends only on whether Q and N are substitutes or complements.
Though the theory is often cited, the empirical literature testing this model has been limited. Evidence generally supports a negative relationship between family size and child "quality" or outcomes, even after controlling for socio-economic factors.
3 However, few of these findings can be interpreted as causal; family size is endogenously chosen by parents and hence may be related to other, unobservable, parental characteristics that affect child outcomes.
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This literature suffers from two additional limitations. First, typically the studies do not have large representative datasets and do not study outcomes of economic interest, such as completed education and earnings. Second, the absence of information on birth order often means that birth order effects are confounded with family size effects. While the literature is extensive, we discuss below some of the studies that attempt to deal with some or all of these problems.
Rosenzweig and Wolpin (1980), Lee (2003), and Conley (2004) all attempt to use exogenous variation in family size to determine the causal relationship between family size and child "quality". Rosenzweig and Wolpin (1980) , using data from India, and Lee (2003) , using data from Korea, both examine the effect of increases in fertility induced by twin births and sex of the first child, respectively, on child quality. Rosenzweig and Wolpin find that increases in fertility decrease child quality, while Lee finds that, if anything, larger families result in more educational expenditures per child. However, in both cases the sample sizes are small (25 twin pairs for Rosenzweig and Wolpin, approximately 2000 families for Lee), the estimates imprecise, and any family size effect could be confounded by the omission of birth order controls.
3 See Blake (1989) and the numerous studies cited therein.
In one of the most thorough studies to date, Conley (2004) uses U.S. Census data from 1980 and 1990 to examine the effect of family size on private school attendance and the probability a child is "held back". To identify the causal effect of family size, he uses the sex composition of the first two children as an exogenous source of variation in family size; parents who have two same-sex children are more likely to have a third than the same parents who have two opposite sex children. 5 Using this as his instrument, Conley finds a significant negative effect of family size on private school attendance and whether a child is held back; when he analyzes the effects separately for first-born children and later children, he finds the effects are significant only for later-born children.
However, his work is limited by the absence of better data; because of the structure of the Census data, he only has access to intermediate outcomes that may be weak proxies for outcomes later in life, and does not know the structure of the family for families in which some individuals do not live in the household. Also, a recent literature suggests that sex composition may have direct effects on child outcomes (for example, Dahl and Moretti, 2004, Butcher and Case, 1994; Conley, 2000; Deschenes, 2002) . Such effects imply that sex composition may not be a valid instrument for family size. 4 There is also a literature examining the effect of family size on parental outcomes. See, for example, Bronars and Grogger (1994) and Angrist and Evans (1998) . 5 Goux and Maurin (2004) also use this instrument with French data and find no significant effect of family size on the probability of being held back. However, this result is difficult to interpret as they also include a variable measuring overcrowding in the home. 6 Another strategy applied in the literature is to use siblings and difference out family level fixed effects. Guo and VanWey (1999) use data from the NLSY to evaluate the impact of family size on test scores. Although they are able to replicate the OLS pattern of a negative relationship between family size and children's outcomes, the authors find little support for this relationship when they do the within-sibling or within-individual analysis. However, this strategy requires strong assumptions about parental decisionmaking, relies on very small samples, and is identified from very small differences in family size. Phillips (1999) provides as thoughtful critique of this work, pointing out that, though suggestive, there are a number of factors that could explain these results even if there is an effect of family size on children's outcomes.
Data
Our data are from matched administrative files that cover the entire population of Demographic File, and the number of children we count in the 1986-2000 files. We restrict our sample to families in which the mother and all children are alive (and thus observed in our data) at some point between 1986 and 2000. By doing this, we exclude 7 4.6% of our sample are still in school. 8 When matching children to parents, we match using the mother's identifier, as almost all children over this period would have grown up with their mother. However, for a small proportion of children (2%) the father differs across children in the family, and for a larger proportion (16%) the father of some of the children is unknown to Statistics Norway (so the father may be different across children). We have verified that all results are robust to excluding families in which the father identifier differs across children or is missing for some children.
families with children younger than 16 in 2000. This makes it fairly certain that we have completed family size, as it is unlikely that a child of 25 who has no siblings aged less than 16 will subsequently have another sibling. Also, it allows us to accurately calculate birth order and the spacing measures used in the paper. Table 1 presents summary statistics for our sample and Table 2 shows the distribution of family sizes in our sample.
About 18% of families have one child, 41% have 2, 27% have 3, 10% have 4, and about 5% have 5 or more.
Methodology and Results
We take two approaches to distinguishing the true causal effect of family size on children's education. The first approach is to include controls for family background characteristics and birth order in order to examine how much of the estimated effect of family size on child education can be instead attributed to these observable factors. Our second approach implements two stage least squares (2SLS) using the birth of twins as a source of exogenous variation in family size.
In Tables 3 and 3a , we show the mean educational attainment and the distribution of education in the family by family size. There are two very clear findings. First, only children have much lower education than the average child in 2 or 3 child families.
Indeed, only children have approximately the same level of education as children from 4 child families. Second, from family sizes of 2 to 10+, we see a monotonic relationship that greater family size accompanies lower average educational attainment. This observed negative relationship is generally found throughout the literature. 
Regression Results
The unconditional relationship between family size and education is only suggestive; for example, it could simply represent cohort effects, as we know that family sizes have declined over time as educational attainment has increased. To better understand the relationship, we regress education of children on family size, cohort indicators (one for each year of birth), mother's cohort indicators (one for each year of birth), and a female indicator.
The estimates are reported in Columns 1-3 of Table 4a . In the first column, we report estimates for a linear specification of family size. The highly significant coefficient of -0.18 implies that, on average, adding one child to completed family size reduces average educational attainment of the children by just less than one fifth of a year.
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Because Table 3 suggests monotonicity of the effects of family size with the exception of only child families, in the third column of Table 4a we augment the linear specification with a dummy variable indicating whether the individual is an only child. The estimates suggest that only children receive 0.3 (0.53 -0.23) years less schooling than the average education of children in 2-child families. Also, each subsequent increment in family size reduces average attainment by almost one quarter of a year of education. Finally, in
Column 2, we replace the linear specification with indicator variables for family size.
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We observe the same pattern --a penalty for only children, and a monotonically decreasing average educational attainment for families of sizes 2 to 10 or more.
10 In this regression, as in all others in the paper, the reported standard errors allow for arbitrary correlation between errors for any two children in the same family. 11 Because very few families have more than 10 children, we have placed all families with 10 or more children in the same category.
Controlling for Family Background Characteristics
We next examine whether our results are somehow an artifact of omitted family background controls. In Columns 4-6 of Table 4a , we report analogous estimates in which we add indicator variables for father's and mother's education level (one for each year of education), and father's cohort (one for each birth year). 12 Adding these controls cuts the family size effects approximately in half --the effect of the linear term is now -0.095. Likewise, the negative effect of being an only child is reduced in this specification.
However, even these smaller effects are still quite large as is clear from the coefficients on the dummy variables --children in families of 10 or more have on average 0.7 of a year less schooling than children in two child families.
Controlling for Birth Order
In the estimates so far, we may be confounding the effects of family size with those of birth order. We next add nine dummy variables representing second child, third child, etc. with the final dummy variable equaling one if the child is the tenth child or greater. The excluded category is first child. These results are reported in Table 4b .
Although still statistically significant, the family size effects are reduced to close to zero --the coefficient on the linear term is now -0.01 -with the addition of the birth order dummies. This becomes -0.04 when the only child dummy is added to the specification.
Although statistically significant, these numbers are much smaller than before and suggest that family size has very little impact on educational attainment. This impression is strengthened by the small coefficients on the family size dummy variables, many of which are now statistically insignificant. Note that this is particularly interesting given that our priors suggest that family size coefficients are likely biased upwards (in absolute terms) due to the negative relationship between unincluded family characteristics (such as income) and family size.
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We estimate the regression by birth order in Table 5 . Interestingly, we find relatively small effects of family size at each birth order. The differences across birth order are small and most coefficients are statistically insignificant. It does not appear that any one birth order is particularly adversely affected by larger family size, suggesting again that family size effects are very weak once birth order is controlled for.
Using Twins as an Instrument
Rosenzweig and Wolpin (1980) first discuss the idea of using twin births as unplanned and therefore exogenous variation in family size. In their model, parents have an optimal N* number of children. The birth of twins can vary the actual N from the desired N* and it is this arguably exogenous variation that is used to estimate the effects of family size on child outcomes. Our general estimation strategy is as follows:
In this case, ED is the education of the child and FAMSIZE is the total number of children in the family. X is a vector of other individual characteristics that may affect children's educational attainment, including cohort effects for the child, cohort indicators for both parents, the education of both parents, and birth order effects. Equation (4) represents the first stage of the two stage least squares estimation, where equation (3) is the second stage.
The TWIN indicator is equal to 1 if the nth birth is a multiple birth, and equal to 0 if the nth birth is a singleton. We restrict the sample to families with at least n births and study the outcomes of children born before the nth birth. 14 In practice, we estimate the specification for values of n between 2 and 6. By restricting the sample to families with at least n births, we make sure that, on average, preferences over family size are the same in the families with twins at the nth birth and those with singleton births. Also, by restricting the sample to children born before birth n, we avoid selection problems that arise because families who choose to have another child after a twin birth may differ from families who choose to have another child after a singleton birth.
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Our methodology avoids two possible pitfalls that can arise when twins are used as instruments. The first is that, even if the per-pregnancy probability of a twin birth is constant, families that desire more children are more likely to have a multiple birth (simply because they have more births). By focusing on whether a twin birth occurs for the nth birth, we avoid the problem that twin births are more likely in families that have more births.
The second possible problem is that a twin birth both increases family size and shifts downwards the birth order of children born after the twins. For example, if a twin birth occurs at the second birth, the next child born is now the fourth born-child rather than the third. Thus, any estimates using children born subsequent to a twin birth will confound family size effects with birth order effects. By only using children born before a possible twin birth, we are able to avoid this problem.
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In the Appendix, we provide further evidence that twins provide a valid source of exogenous variation, showing that twin probabilities are unrelated to parents' education and, conditional on mother's age, unrelated to the gap between births. We also examine the excludability of twin births from our regression.
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Results Using Twins
The 2SLS estimates are presented in Table 6 , along with the first stage coefficients and the OLS estimates using the same sample. Again, these IV estimates present the effect of a twin birth at birth n, on the outcomes of children born prior to this birth, conditional on having at least n births in the family. The first stage is very strong and suggests that a twin birth increases completed family size by about 0.7 to 0.8. As expected, twins at higher parity have a larger effect on family size, presumably because 16 Rosenzweig and Wolpin (1980) use outcomes of all children and so their estimates suffer from this problem. In a later paper, Rosenzweig and Wolpin (2000), they recommend using whether or not the first born child is a twin as an instrument in this type of context. This approach would also suffer from the confluence of family size and birth order effects. 17 One might also be concerned that twin probabilities differ geographically in a manner that is correlated with child education. We have found that adding county dummies or municipality dummies has no effect on the 2SLS estimates.
they are more likely to push families above N* (the optimal number of children). The t statistics from the first stage are typically around 60, indicating that there are no concerns about weak instruments in this application.
The 2SLS estimate of the effect on the first child of changes in family size induced by the second birth being a twin birth is 0.038 (0.047). This suggests no adverse effects of increased family size on educational outcomes. The equivalent estimate for families that have at least 3 births is -0.017 (0.044), and for families that have at least 4 births is -0.018 (0.060). Taken together, these three estimates are all less negative than the OLS estimates and are precisely enough estimated to rule out large negative effects of family size on education. These three estimates encompass the bulk of the data because, as shown in Table 1 , only about 5% of families have 5 or more children. Unsurprisingly, the remaining estimates, based on families that have at least 5 births, are imprecisely estimated and not very informative. These results suggest that family size has a negligible effect on children's outcomes, once one controls for birth order.
Using Same-Sex as an Instrument for Family Size
Recent evidence suggests sex composition may have an independent impact on children's outcomes by affecting divorce probabilities, labor supply, wages, and educational outcomes. However, for completeness, we describe results using this instrument here. We study the outcomes of the first two children and use whether or not these two children are the same sex as the instrument. The first stage is strong -a coefficient of 0.089 with a standard error of 0.002. The second stage estimate is 0.256 (0.056), implying that increased family size leads to significantly higher educational outcomes for children. We do not find the magnitude of this estimate credible and suspect that there are independent positive effects on outcomes of having a sibling of the same sex. Future research of our own will examine the direct effects of family sex composition on children's outcomes.
Birth Order
We have seen that birth order effects are important in that the family size effect becomes very close to zero when birth order effects are included. In addition, the estimated birth order effects themselves are quite large; they are an order of magnitude greater than the family size effects. In this section, we take a closer look at the nature of these birth order effects.
Previous Literature
Blake (1989) describes some of the factors that make empirical estimation of birth order effects difficult. First, it is necessary to fully control for family size or one will confound family size and birth order effects. Second, the presence of cohort effects in educational attainment will tend to bias results to the extent that later born children are in different cohorts from earlier born children. Thus, one needs to have multiple cohorts for each birth order and include unrestricted cohort effects. Third, it is important to include cohort effects for the parents, as, conditional on child cohort, the parents of first-borns are likely to be younger than parents of third or fourth born children. Fourth, spacing of births may differ by birth order --for example, the last child might typically appear after a longer lag than the second child. If spacing has an independent effect on child outcomes, ignoring it will bias estimated birth order effects.
Studies of the effects of birth order on education have been limited by the absence of the large representative datasets necessary to thoroughly address these four issues. For example, Behrman and Taubman (1986) use data on only about 1000 individuals from the National Academy of Science/National Research Council twin sample and their adult offspring. Hanushek (1992) uses a small sample of low-income black families collected from the Gary Income Maintenance Experiment. Hauser and Sewell (1985) use the Wisconsin Longitudinal Study; their data are less than ideal as, by definition, the survey respondent has completed high school. 18 Hauser and Sewell find no evidence for birth order effects; Behrman and Taubman find some evidence later children have lower education, and Hanushek observes a U-shaped pattern of achievement by birth order for large families, with oldest and youngest children doing better than middle children (although it is not clear that there are any statistically significant differences). However, all these studies estimate birth order effects quite imprecisely and, due to small samples, do not include the full set of family size indicators, cohort indicators, parental cohort indicators, and spacing controls that we use in this paper.
More recently, Iacovou (2001) uses the British National Child Development Study (NCDS) and finds that later-born children have poorer educational outcomes than earlier born. While this a very thorough study, it does suffer from some weaknesses. First the sample size is small (about 18,000 initially) and there is much attrition over time (about 50%) so estimates are imprecise and may be subject to attrition bias. Second, all children in the sample are born the same week so birth order is strongly correlated with parental age at birth and it is difficult to tease out separate effects of these two variables.
The empirical literature on the effect of birth order on children's outcomes is quite extensive; despite this, however, there have been no strong conclusions due to data and methodological limitations. Because of our large dataset on the population of Norway over an extended period of time, we are able to overcome most of the limitations of the prior literature. Unlike the previous literature, we use family fixed effects models in addition to OLS.
Birth Order Results
In Table 7 , we report the average education level and distribution of education by birth order. There is a clear pattern of declining education for higher birth orders.
However, as with the case of family size effects, these summary statistics can be misleading in that we are not controlling for family size, cohort effects, or any other demographic characteristics that may be influencing these statistics. As a result, we estimate the relationship between birth order and educational attainment in a regression framework, using the same set of control variables as in the family size analysis.
Because of our large dataset, we can estimate regressions for the full sample as well as by family size. In Column 1 of Table 8 , we present estimates for the full sample, including a full set of family size dummies (presented in Table 4 , Column 8). Relative to the first child, we observe a steady decline in child's education by birth order. Each subsequent column in Table 8 represents a separate regression for a particular family size.
If we look across row one, we can see the effect of being a "second child" (omitted category is first child) is large and negative for all family sizes. This is particularly striking, given that earlier work found somewhat different effects for different family sizes (Hanushek 1992) . 19 Note that the results become less precisely estimated as family sizes become larger; this is undoubtedly due to the associated decline in sample sizes. As in Column 1, we find a monotonic decline in average education as birth order increases.
This result appears to be quite robust across family sizes.
As a final check, we study the effects of birth order by family size using family fixed effects. While the regressions in Table 8 included demographic controls, family fixed effects allow us to compare effects of birth order within families, thereby differencing out any family specific characteristics that are affecting all children. In addition, by estimating these equations by family size, we are also allowing for differential effects of birth order by family size. Table 9 presents these results. The estimates are almost identical to those without family fixed effects, suggesting that the estimated birth order effects do not reflect omitted family characteristics.
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are fewer than 1000 observations in the wage equations). 19 In his work, Hanushek also focuses on the effect of school quality by including such measures in the estimation; although we do not have school quality measures, we have tried adding municipality effects (schools are organized at the municipality level) and municipality-year effects to control for geographical and temporal differences in school quality; the inclusion of these variables does not affect our family size or birth order conclusions. 20 The estimated birth order effects could be biased if spacing has an independent effect on outcomes because spacing differs on average by birth order (see Table A1 ). To address this issue, we created 3 variables: (1) The number of children born within one year of the person, (2) the number of children born 2 or 3 years apart from the person, and (3) the number of children born 4 or 5 years apart from the person. Adding these variables to the fixed effects model has no appreciable effect on the estimated birth order effects (see Table A2 ). This specification should be treated with some caution as spacing may be optimally chosen by families and, hence, is an endogenous variable.
Heterogeneous Effects of Family Size and Birth Order
To better understand what is driving our results, we stratify the data by sex and at different points of the education distribution. The first split, presented in Columns 1 and 2 of Table 10 , breaks the data by sex. As one can see, the results are quite similar for men and women, with significant OLS family size effects (presented in the first row; these estimates include controls for family background) that become close to zero when birth order is controlled for (row 2). When we estimate the family size coefficients using the twin instrument, we get small and imprecisely estimated coefficients for both men and women. (The third row presents the coefficient on family size for the first child for the sample of families with at least two children, using twins at second birth as an instrument; the fourth row is the effect of family size on the first two children conditional on having at least three children using twins at third birth as an instrument, and the fifth row is the effect of family size on the first three children conditional on having at least four children using twins at fourth birth as an instrument.) While, overall, the effects of family size for women seem smaller than those for men, in both cases we see small family size effects. In contrast, birth order effects are larger for women than for men.
We next examine different points of the distribution of educational attainment to see if there is one educational group that appears to be driving our results. Table 10, Columns 3-5 present results from linear probability regressions that examine the effects of family size and birth order on the probability that an individual has 12 or more years of education (Column 3), the probability that an individual has 13 or more years of education (Column 4), and the probability that an individual has 16 or more years of education (Column 5). The results are quite similar in all cases, with small family size effects once birth order is controlled for and large birth order effects (although a bit smaller for the probability of having 16 or more years of education), suggesting that our results are not being driven by one particular part of the distribution.
Possible Explanations for Birth Order Effects
We next turn our attention to possible explanations for the strong birth order effects we observe. Genetic and biological differences may explain much of the outcome differences between siblings, but it is unlikely that they can explain the birth order effects we estimate. While maternal age is related to birth weight and the likelihood of birth defects, our inclusion of cohort controls for mothers and children rule out this channel.
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Typically research has found that the incidence of low birthweight decreases with parity, so we would expect later borns to be better endowed in this dimension than earlier born children (see, for example, Phung et al., 2003) . In general, there are no genes for being a firstborn or a laterborn so it is unlikely that the birth order effects we find have genetic or biological causes. Below, we consider other possible explanations for the observed birth order effects.
Family Size when Young versus Completed Family Size
One rationalization of our weak family size effects and strong birth order effects is that family size matters most when children are very young and the birth order effects When number of children at age 2 is included in the standard specification, along with completed family size and birth order effects, the coefficient is -0.024 (0.005) and the coefficient on completed family size falls to -0.008 (0.003). The birth order effects remain large and are approximately the same size as before. When number of children at age 5 replaces number of children at age 2, it has a perverse positive coefficient of 0.066 (0.004) and the coefficient on completed family size becomes -0.045 (0.003). This suggests that number of children at age 5 may be too collinear with completed family size for us to get sensible results. Again, however, the birth order effects are not affected. In the fixed effects specification, the coefficient on children at age 2 is -0.005 (0.006) and that on children at age 5 is 0.071 (0.005). The completed family size variable is not identified, and the birth order effects remain similar in size to those in Table 10 . These results are presented in Table A3 .
Overall, because of collinearity problems, we do not learn much from this exercise about whether family size early in life is particularly important. However, the robustness of the birth order estimates suggests that they are not merely capturing family size effects.
Optimal Stopping Model
Another possible explanation for the birth order effects we observe is an optimal stopping model. According to this theory, if a particularly "good quality" child is born first, this may induce parents to have more children who, on average, will not be of as high a quality. Conversely, if early children are "poor quality," parents may opt to discontinue childbearing. 22 This type of behavior may give rise to birth order effects because it may lead to earlier children having better endowments. However, the estimates in Tables 8 and 9 clearly cannot be fully explained by this model. For example, an optimal stopping rule cannot explain the large magnitudes of the second child effect in families with more than two children. However, we do see a "last child" effect in Tables   8 and 9 . For example, the penalty to being a second child is significantly bigger in a 2-child family than in a 3-child family. This also holds for larger family sizes: In the fixed effects estimates, the third child does relatively worse in 3-child families than in 4-child ones (the difference is -0.076 with a standard error of 0.025; analogously the difference for fourth children is -0.110 (0.046)). For larger families, the differences become 22 There is some evidence that early behaviors are reasonable predictors for later outcomes. (See Currie and Stabile, 2004). statistically insignificant. This "last child" effect is consistent with optimal stopping behavior; however, it is also consistent with Zajonc's (1976) hypothesis that last children suffer from having nobody to teach.
Financial Resources
The financial resources available for investment in children may also differ with birth order if credit markets are imperfect. Given that age-earnings profiles are upward sloping, younger parents may have fewer resources to invest in their children. However, these resources will be shared among fewer individuals. Unfortunately, we do not have information on family income during the childhood of the children under study, so we are limited in how we can examine this issue. However, we do have information on parental education which is correlated with parental income. We have segregated the sample by mother's education (Table 11 , Columns 1 and 2) and find that the magnitude of the birth order effects do not differ much across education groups; if anything, birth order effects are stronger among individuals with more educated mothers, which runs counter to the expected results if financial constraints are driving the results.
Urban/Rural
Larger families may matter more or less depending on the rural/urban nature of the family environment. A large family may be beneficial on a farm but much more costly in an urban environment. If this were the case, we would see differential effects when we stratify the sample based on the population density of the municipality of the mother in 1960 (the urban group includes the 59 largest urban areas in 1960). When we do this in Table 11 , Columns 3 and 4, the results are quite similar across the different municipality types, suggesting this cannot explain our results.
Time Constraints
Parent time constraints may also lead to birth order effects. 23 If time or financial constraints are in fact affecting children's outcomes, it is likely that families in which children are spaced more widely suffer less from resource constraints (financial or time)
than other families of the same size. 24 Thus, for example, we have estimated the effect of being a second child in two child families and segregated the sample by the space between the two children (2 years or less, 3-5 years, 6+ years). We find that the second child effect is actually smaller in the closely spaced families --the coefficient is -0.19 (0.04) for the 0 -2 group, -0.49 (0.04) for the 3-5 group, and -0.55 (0.05) for the 6+
group. This is not in keeping with our priors about the effects of time and resource constraints. However, child spacing is clearly not exogenous and so any conclusions derived from this exercise are only speculative in nature.
Another way to try to test the effect of parental financial or time constraints is to compare the effects of family size and birth order for earlier cohorts relative to later cohorts. Later cohorts had the benefit of more effective birth control and abortion access and, as a result, family size may have been more of a choice variable. When we stratify 23 Earlier-born children may benefit from receiving more resources in the form of parental time than other children because they have fewer siblings with whom to compete. Of course, later born children may analogously benefit from getting more parental attention after the earlier-born children have moved out of the family home. In addition, there may be differences in the quality of this time, as first children will have younger, more energetic parents (who also will be more inexperienced) while later children will have older parents who have more experience with childrearing. 24 Powell and Steelman (1993) focus on the effects of sibling spacing on high school completion and postsecondary school attendance using the High School and Beyond dataset. They find evidence that closely spaced siblings are disadvantageous within sibship size category.
our sample based on mother's cohort (those born before 1935 versus those born after), we find similar effects for both samples. (See Table 11 Columns 5 and 6.) While birth order effects are slightly smaller in the younger sample relative to the older sample, they are still quite large and significant.
In summary, while we are confident that endowment effects are not responsible for all the birth order effects, our findings are consistent with optimal stopping being a small part of the explanation. Our tests for resource constraints suggest that these are not driving our results; however, the tests themselves are quite weak. While there are a number of other theories as to why one would see birth order effects hypothesized in the literature, these theories are not testable with our data. 
Conclusions
Traditional models of fertility involve a tradeoff between child quantity and child quality in order to justify the observed negative relationship between family income and total family size. Inherent in this model is the idea that increasing family size will have a negative effect on children's outcomes. In this paper, we attempt to test this model by examining the effect of family size using both exogenous variation in family size induced by twin births as well as extensive controls for not only parent and child cohort effects and parental education, but also birth order effects. We find evidence that there is little if 25 One such theory involves parental preferences. Parental preferences may vary by birth order. If parents are focused on their old age, it may be optimal to invest more in the early-born children who are more likely to be in a position to offer support by the time the parents hope to retire. On the other hand, if parents are focused on their career when they are younger, they may be less willing to spend time with their children than when they are older and more established professionally. Finally, there may be diminishing marginal utility from children. In this case, parents get less utility from spending time with later children than they did with earlier ones.
any family size effect once birth order is controlled for; this is true when we estimate the relationship with controls for birth order, instrument family size with twin births, or estimate the relationship between child education and family size separately for each birth order.
In contrast, we find very large and robust effects of birth order on child education.
To get a sense of the magnitude of these effects, the difference in educational attainment between the first child and the fifth child in a five child family is roughly equal to the difference between black and white educational attainment calculated from the 2000 census. Given that family sizes continue to decline in developing countries, these results suggest that the children may not necessarily be better off than if their family had been larger. Our results imply that, though average child outcomes may improve, there may be little effect on first-born children.
In addition, these sizeable birth order effects have potential methodological implications: Researchers using sibling fixed effects models to study economic outcomes may obtain biased estimates unless they take account of birth order effects in estimation.
Our findings so far are quite provocative; if, in fact, there is no independent tradeoff between family size and child quality, perhaps we need to revisit models of fertility and reconsider what should be included in the "production function" of children.
What other explanations will generate the patterns we observe in the data? Clearly, our results suggest a need for more work in this area. * indicates statistical significance at the 5% level. All family size regressions include indicators for age, mother's age, mother's education, father's education, and father's age. The third row presents the coefficient on family size for the first child for the sample of families with at least two children, using twins at second birth as an instrument; the fourth row is the effect of family size on the first two children conditional on having at least three children using twins at third birth as an instrument, and the fifth row is the effect of family size on the first three children conditional on having at least four children using twins at fourth birth as an instrument. Family size regressions in columns (3)-(5) also include a control for sex. The IV estimates include a full set of birth order controls. The Birth Order estimates come from family fixed effects specifications that include age indicators plus a sex indicator in columns (3)-(5). * indicates statistical significance at the 5% level. All family size regressions include indicators for age, sex, mother's age, mother's education, father's education, and father's age. The third row presents the coefficient on family size for the first child for the sample of families with at least two children, using twins at second birth as an instrument; the fourth row is the effect of family size on the first two children conditional on having at least three children using twins at third birth as an instrument, and the fifth row is the effect of family size on the first three children conditional on having at least four children using twins at fourth birth as an instrument. The IV estimates include a full set of birth order controls. The Birth Order estimates come from family fixed effects specifications that include age indicators plus a sex indicator. 
Twins Appendix: Validity of Twins Instrument
In order for our IV estimates to be consistent, it must be that the instrument is uncorrelated with the error term in equation (3). One concern is that the occurrence of a twin birth may not be random and may be related to unobservable family background characteristics. By definition, this is untestable but we can examine whether the probability of twins is related to observed characteristics such as mother's and father's education. To do this, we estimated linear probability models of the probability of a twin birth at each parity using a full set of years of education indicators for mothers and fathers. F tests indicate that the hypothesis that the coefficients on mother's education are jointly zero and that the coefficients on father's education are jointly zero cannot be rejected at the 5% significance level (the p value for mother's education is 0.45 in the regression for twin at second birth, 0.31 for twin at third birth, and 0.62 for twin at fourth birth; the analogous p values for father's education are 0.21, 0.63, and 0.51 respectively).
Furthermore, when these variables are entered linearly as years of education, the coefficients are tiny and statistically insignificant. Given the enormous sample sizes, these results strongly suggest that twinning probabilities are not related to parents' education.
Although we include controls for year-of-birth of both mother and child (and hence implicitly, age of mother at birth controls), these relate to the age of the child under study and not to the age of the child from the potential twin birth. It is well-established that twin probabilities increase with maternal age at birth (Jacobsen, Pearce, and Rosenbloom, 1999; Bronars and Grogger, 1994) , and a concern is that, because of the maternal age effect, twins are more likely to occur at a particular birth if the mother waits longer between that birth and the previous birth. If spacing has an independent effect on outcomes, this could bias results. We examine this issue by adding a measure of the gap between the child's birth and the potential twin birth into the linear probability model of the probability of a twin birth at each parity. As predicted by the maternal age effect, the coefficient on the gap is positive and statistically significant. For example, when considering the second birth, the coefficient implies that a gap of one extra year increases the probability of a twin by 0.0003. 26 Similar size estimates are found for the probabilities of having twins at higher parities. These point estimates are very small and we have verified that adding a control for the gap preceding the potential twin birth in the 2SLS estimation has no appreciable effect on the family size estimates. Thus, both the parental education and spacing checks suggest that twinning is a fairly random event.
Spacing and the Twins Instrument:
Another concern is that the birth of twins changes not only the family size but also results in the closer spacing of children. As a result, twin births may effect the educational attainment of earlier children through mechanisms other than increasing family size. For example, in the case in which we use twins at second birth to study the outcomes of the first child, it may be that the first child is worse off if the second birth is a twin birth because he gets less attention if his siblings are more closely spaced. We have carried out some analysis to examine the extent to which this is a problem.
The logic of our approach to test this is that, if spacing between children matters and more space is better for the existing child, then twins could be considered the extreme case with zero space. Though we cannot test for an effect of twins directly, we can determine whether spacing between children has an effect. If we find that shorter spaces are worse for the existing child, we can get an idea of how the extreme case (twins) might be affecting the existing child. Thus, we regress education of the first child on the age difference between the two following children, conditional on there being X children in the family. 27 We estimate this regression for X equal to 3, 4, 5, and 6.
Likewise, we regress education of the first 2 children on the age difference between the 3 rd and 4 th child, also by family size (4, 5, and 6). We include the same set of control variables as earlier. The results are presented in Appendix Table 1 . Note that, since spacing is endogenous and these are cross-sectional regressions, caution is required in interpreting these results.
We find that the coefficient on the distance between the two following siblings is generally positive and statistically significant. This implies that children do better if the two children immediately after them are spaced further apart. If, in the limit, this result can be extrapolated to the case of twins, in which the space is zero, it implies that the effect of a subsequent case of twins is both to increase family size and to adversely affect prior children through spacing. Thus, the 2SLS estimates of the effects of family size are probably biased towards finding negative effects of family size itself. Given that we find very small effects of family size using the twins instrument, this further strengthens the case that there is not a large negative effect of family size. The reported coefficients are those on the distance in years between the two children immediately after the children listed in column 1. For example, in row 1, the relevant variable is the distance between the second and third child; in row 2 the relevant variable is the distance between the third and fourth child.
